123. (New) A method according to dakrrfrZi, wherein applying the waveform comprises 
applying a waveform when the rate/W changes above a threshold rate, and comprising 
withholding the waveform when the rate ofphaijge is below the threshold rate so as to allow 
voluntary voiding.— 



REMARKS 

Claims 3, 5-12, 15-24, 31-40, 42-57, 62, 63, and 65-89 have been canceled, as they have 
been allowed in the parent application. Claims 92-123 have been added. No new matter has 
been introduced. 

New claims 92 and 103 both correspond to claim 1 in the parent application, differing 
substantially only in that claim 92 now recites "a sensor, which is adapted to sense a change in 
pressure of an abdomen or a urinary bladder of the patient...," and in that claim 103 now recites 
"a sensor, which is adapted to perform a strain measurement of an abdomen or a urinary bladder 
of the patient..." These new claims are supported by the specification of the present patent 
application in a number of locations, for example in the second paragraph of Section G 
("Utilization of other sensors"), starting at page 30, line 3, of the Detailed Description of 
Preferred Embodiments: 

"In addition to or instead of the electromyographic signals received from 
electrode 29, CPU 52 preferably receives additional signals from other 
physiological sensors, such as ultrasound transducer 44 (shown in Fig. 2), a 
pressure sensor 76 and/or an acceleration sensor 78, or other types of strain and 
motion measurement devices, as are known in the art. Pressure sensor 76 is 
preferably implanted on or in bladder 36, so as to detect increases in abdominal or 
intravesical pressure that may lead to involuntary urine loss." 

Correspondingly, new method claims 1 12 and 1 17 are parallel to method claim 58, and 
now respectively recite the limitations of "receiving a pressure-measurement signal..." and 
"receiving a strain-measurement signal..." The support for these new claims is the same as the 
support for new claims 92 and 103. 
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Device claim 1 and the generally-parallel method claim 58 were rejected in the parent 
application under 35 USC 102(b) as being anticipated by US Patent 3,628,538 to Vincent et al. 
The Vincent patent is entitled (and describes throughout the specification thereof) "Apparatus for 
stimulating muscles controlled by the same muscles." Fundamental to the teaching of the 
Vincent patent is the idea of stimulating a muscle based on electrical changes in that muscle, in 
order to affect the contractions of that muscle. See, for example, Fig. 1 of that patent and the 
description thereof. In the text of the '538 patent, at column 1, lines 33-38, it is noted: 
"According to the present invention there is provided apparatus for controlling muscles in living 
animals, including man, comprising sensing means for sensing an electromyographic signal in a 
muscle, and stimulation means for automatically stimulating the same muscle in accordance with 
the characteristic of the signal sensed." 

New claims 92, 103, 112, and 1 17, by contrast to the Vincent patent, claim apparatus and 
methods for sensing the mechanics of a stress-incontinence inducing event, such as a pressure 
change or tissue-strain change which occurs during coughing or heavy lifting. Whereas the 
Vincent patent is generally directed to detecting electrical physiological activity, namely the 
contractions of muscles trying to prevent incontinence, apparatus and methods described in new 
claims 92, 103, 1 12, and 1 17 do not necessarily require any voluntary or involuntary muscular 
activity by the patient in order to function, but, instead, act responsive to the cause of the stress 
incontinence, which is a mechanical phenomenon. 

Therefore, 92, 103, 1 12, and 1 17, are of narrower scope than claims 1 and 58, do not read 
on the Vincent patent, and stand in condition for allowance, as per the agreement reached during 
the March 19, 2001, interview with respect to claims 1 and 58 in the parent application. 

New claims 93-102 correspond directly to, and draw their support from, claims 2, 4, 13, 
14, and 25-30 of the parent application, respectively. Similarly, claims 104-1 10 correspond 
directly to, and draw their support from, claims 2, 4, 13, 25, and 28-30 of the parent application, 
respectively. New claims 113-116 correspond directly to, and draw their support from, claims 
59-61 and 64 of the parent application, respectively. Similarly, new claims 118-121 correspond 
directly to, and draw their support from, claims 59-61 and 64 of the parent application, 
respectively. It is respectfully submitted that since new claims 93-102 are of narrower scope 
than new claim 92, since new claims 104-1 10 are of narrower scope than new claim 103, since 



new claims 1 13-1 16 are of narrower scope than new claim 1 12, and since new claims 118-121 
are of narrower scope than new claim 117, each of claims 93-102, 104-1 10, 1 13-1 16, and 118- 
121 recite patentable subject material and are in condition for allowance. 

New claims 1 1 1 and 122 are identical to claims 41 and 90 in the parent application, 
respectively. Claims 41 and 90 were rejected by the Examiner under 35 USC 102(b), as 
anticipated by the '538 patent. The teaching of the Vincent patent involves sensing the amplitude 
of an EMG signal, and applying stimulation responsive thereto. For example, at column 1, lines 
39-40, of the '538 patent, it is stated: "Preferably, the means for sensing the signal includes 
means for monitoring the amplitude of the E.M.G. signal." Moreover, at column 2, lines 34-37, 
it is stated, "Smoothing is necessary so that the monostable circuit is insensitive to random spikes 
which sometimes appear in the E.M.G., but is triggered only by a persistent increase in the 
amplitude of the E.M.G" (emphasis added). A reason for the use of EMG amplitude analysis in 
the '538 patent is provided in the text itself, at column 2, lines 5-12: 

"During E.M.G. investigations of the muscles of the pelvic floor, in 
incontinent patients, it has been observed that there is a large increase in E.M.G. 
amplitude when the patient feels urgency, and is unable to prevent urination, as 
well as during coughing or under similar conditions of strain. It is at these times 
that external muscle stimulation is effective, and this increase in E.M.G. signal 
activity may be used as the control signal to initiate stimulation" (emphasis added). 

Thus claims 1 1 1 and 122 are patentable over the '538 patent, as they recite apparatus and 
a method for determining a rate of change of EMG signals - an analysis mode not suggested by 
the '538 patent. Moreover, new claim 123 is patentable as it is dependent on claim 122 and 
identical to claim 91 of the parent application. 

Claims 13, 14, 25-27, 29, 30, 60, and 61 were rejected in the parent application under 35 
USC 103(a), as being unpatentable over the '538 patent, further in view of US Patent 5,807,397 
to Barreras. New claims 95-99, 101, 102, 1 14, and 115 correspond to claims 13, 14, 25-27, 29, 
30, 60, and 61 in the parent application, respectively. Because these new claims are directly or 
indirectly dependent on independent claims which are now believed to be allowable, it is 
respectfully requested that these dependent claims be allowed, as well. Similarly, new claims 



10 



106, 107, 109, and 1 10, corresponding directly to claims 13, 25, 29, and 30, respectively, are 
believed to be patentable. 

As all of the claims in the present application are in order for allowance, a notice of 
allowance is respectfully requested. 

Respectfully submitted, 
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TNCONT IN5NCE TREATMENT DEVICE 
CROSS-REFERENCE TO RELATED APPLICATIONS 
This application is a continuation-in-part of U.S. 
Patent Application 09/167,244, which is incorporated 
herein by reference. 

FIELD OF THE INVENTION 
The present invention relates generally to medical 
electronic devices, and specifically to implantable 
electrical muscle stimulators. 

BACKGROUND OF THE INVENTION 
Urinary stress incontinence affects millions of 
people, causing discomfort and embarrassment, sometimes 
-o the point of social isolation. Stress incontinence 
results from weakness or inability of pelvic muscles to 
hold back urinary flow from the bladder when abdominal 
pressure increases due to everyday events such as 
coughing, laughing or mild physical exertion. Muscles 
involved in controlling the urinary flow include 
primarily the urethral sphincter and the levator ani, 
"with the cooperation of f ibromuscular extensions along 
the urethra and other muscles in the general region of 
the aelvic diaphragm. In the United States, it is 
estimated that 10-13 million patients seek medical care 
for incontinence each year, of whom about 353 suffer from 
stress-type incontinence. 

Stress incontinence is typically associated with 
either or both of the following anatomical conditions: 
. Urethral hypermobility - Weakness of or injury to 
pelvic floor muscles causes the bladder to descend 
during abdominal straining or pressure, allowing urine 
uo leak out of the bladder. This is the more common 
source of stress incontinence. 
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. xptrinsic sphincter deficiency - In this condition, the 
urethral musculature is unable to completely close the 
urethra or keep it closed during stress. 

ft large variety of products and treatment methods 
are available for personal and medical care of 
incontinence. Host patients suffering from mild to 
moderate incontinence use diapers or disposable absorbent 
oads. These products are not sufficiently absorbent to 
be e-fective in severe cases- They are uncomfortable to 
wear, and cause skin irritation, as well as unpleasant 
odors. Other non-surgical products for controlling 
incontinence include urethral inserts (or plugs) and 
extcrnally-worn adhesive catches. Drugs are also used in 
H soine cases. 

1 various surgical procedures have been developed for 

3 bidder neck suspension, primarily to control urethral 

\' A hyoe-mobiiity by elevating the bladder neck and urethra. 

H Theco procedures typically use bone anchors and sutures 

!" 0 . alings to support the bladder neck. The success rates 

P for bladder neck suspension surgery in controlling 

U urinary leakage are typically in the 60-80% range, 

in ' denuding on the patient's condition, the surgeon and the 

5 procedure that is used. The disadvantages of surgery are 

"its high cost, need for hospitalization and long recovery 
period, and high frequency of complications. 

Fov serious cases of intrinsic sphincter deficiency, 
artificial urinary sphincters have been developed. For 
exanoi e, the AMS 300 urinary sphincter, produced by 
American Medical Systems Inc., of Minnetonka, Minnesota, 
includes a periurethral inflatable cuff, used to overcome 
urinary incontinence when the function of the natural 
sphincter is impaired. The cuff is coupled to a 
manually-operated pump and a pressure regulator chamber, 
wh<ch are implanted in a patient's body together with the 
cuff. The cuff is maintained at a constant pressure of 
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60-80 cn of water, which is generally higher than the 
bladder pressure. To urinate, the patient releases the 
cressure in the cuff by pressing on the implanted pump, 
which pumps the fluid out of the cuff to the chamber. 
Aspects of this system are described in U.S. Patent 
4,222,37"?, whose disclosure is incorporated herein by 
reference. 

This artificial sphincter has several shortcomings, 
however. The constant concentric pressure that the 
periurethral cuff exerts on the urethra results in 
impaired blood supply to tissue in the area, leading to 
. tissue atrophy, urethral erosion and infection. 
Furthermore, the constant pressure in the cuff is not 
[J always sufficient to overcone transient increases in 

□ bladder pressure that nay result from straining, 

coughing, laughing or contraction of the detrusor muscle, 
for example. In such cases, urine leakage may result, 
j'jj U.S. Patents 4,5-71, 749 and 4,731,083, whose 

disclosures are incorporated herein by reference, 
describe an artificial sphincter device whose pressure 
can vary in response to changes in abdominal or 
i;0 ' intravesical (bladder) pressure. The device includes a 

§ periurethral cuff with subdermal pump and pressure 

regulator, with the addition of a hydraulic pressure 
sensor. This system is complicated, however, and 
requires manual manipulation of the subdermal pump and 
cuff control. 

Medtronic Neurological, of Columbia Heights, 
Minnesota, produces a device known as Interstim for 
treatment of urge incontinence, which is a different 
disorder from stress incontinence. In urge incontinence, 
a sudden, urgent need to pass urine causes involuntary 
urination, before the patient can get to a toilet. The 
condition may be caused by damage to nerve pathways from 
the brain to the bladder or by psychosomatic factors, 
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leading to involuntary bladder contraction. Interstim 
uses an implantable pulse generator, which is surgically 
implanted in the lower abdomen and wired to nerves near 
the sacrum (the bone at the base of the spine) in a major 
surgical procedure under general anesthesia. Electrical 
impulses are then transmitted continuously to a sacral 
nerve that controls urinary voiding. Tne continuous 
electrical stimulation of the nerve has been found to 
reduce or eliminate urge incontinence in sons patients. 

Exercise and behavioral training are also effective 
in some cases in rehabilitating pelvic muscles and thus 
reducing or resolving incontinence. Patients are taught 
to perform Kegel exercises to strengthen their pelvic 
muscles, which may be contained with electrical 
stimulation of the pelvic floor. Electromyographic 
biofeedback may also be provided to give the patients an 
indication as to the effectiveness of their muscular 
exertions. Retraining muscles is not possible or fully 
effective for most patients, however, particularly when 
there may be neurological damage or other pathologies 
involved. 

U.S. Patent 3,628,538, whose disclosure is 
incorporated herein by reference, describes apparatus for 
stimulating a muscle, using an elect rcmyogram (SMG) 
signal sensed in the muscle. If the signal is greater 
than a predetermined threshold value, a stimulator 
circuit applies a voltage to electrodes adjacent to the 
muscle. The apparatus is said to be particularly useful 
in overcoming incontinence. 

Various types of electrodes have been proposed for 
applying electrical stimulation to pelvic muscles so as 
to prevent unwanted urine flow through the urethra. For 
example, U.S. Patent 5,562,717 describes electrodes that 
are placed on the body surface, typically in the areas of 
the porineum and the sacrum, and are electrically 
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actuated to control incontinence. U.S. Patent 4,785,828 
describes a vaginal plug having electrodes on an outer 
surface thereof. A pulse generator in the plug applies 
electrical pulses to the electrodes so as to constrict 
the pelvic muscles and prevent urine flow. U.S. Patent 
4,153,059 describes an intra-anal electrode, to which 
repetitive electrical pulses are applied in order to 
control urinary incontinence. U.S. Patent 4,106,511 
similarly describes en electrical stimulator in the form 
of a plug for insertion into the vagina or the anus. 
U.S. Patent 3,866,613 describes a pessary ring having two 
electrodes thereon, which are energized to control 
incontinence. The disclosures of all of the 

above-mentioned patents are incorporated herein by 
reference. 

U.S. Patent 4,580,578, whose disclosure is also 
incorporated herein by reference, describes a device for 
stimulating the .sphincter muscles controlling the 
bladder. A supporting body is fitted into the patient's 
vulva between the labia, so that two electrodes attached 
to the supporting body contact the epidermal surface on 
either side of the external urethral orifice. Electrical 
impulses are applied to the electrodes to stimulate the 
region of the sphincter. 
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SUMMARY OF THE INVENTION 
It is an object of soir.e aspects of the present 
invention to provide an improved device and method of 
treatment for incontinence, particularly urinary stress 
incontinence . 

It is a further object of sone aspects of the 
present invention to provide a device and method for 
enhancing function of muscles, particularly those 
associated with urine control. 

In preferred embodiments of the present invention, 
an • implantable device for treatment of urinary stress 
incontinence comprises a control unit and one or more 
electrodes coupled to the control unit. The electrode or 
electrodes are preferably implanted in the genital region 
of a patient so as to contact cne or more of the muscles 
that are used in regulating urine flow from the bladder. 
The control unit is preferably implanted under the skin 
of the abdomen or genital region. Motion of or pressure 
on or in the area of the bladder generates an 
electromyographic (EKG) signal in the nuscles, which is 
sensed by the one or more electrodes and analyzed by the 
control unit. Alternatively or additionally, 

non-eiectromyographic signals are received and analyzed 
by the control unit, as described hereinbelow. When the 
control unit determines that the signals are indicative 
of a condition, such as an increase in abdominal or 
intravesical pressure, that is likely to cause 
involuntary urine flow from the bladder, it applies an 
electrical waveform to the electrode or electrodes, 
stimulating the contacted muscle to contract and thus to 
inhibit the urine flow. 

In some preferred er^bodiments of tho present 
invention, the device also includes one or more other 
physiological sensors, which generate signals responsive 
to motion or to intravesical or abdoninal pressure, or to 
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urine volume in the bladder. These signals are thus 
indicative of possible incontinence that nay occur due to 
coughing, laughing, or other strain or motion of the 
abdominal muscles. On the other hand, when the urine 
volume in the bladder is low, there will be no urine flow 
even when the abdominal pressure does increase. The 
control unit processes the signals from the other sensors 
and uses then to determine when the electrical 
stimulation should be applied to the muscles. 

Preferably, the control unit comprises a processor, 
which is programmed to distinguish between signals 
indicative of possible incontinence and other signals 
that do not warrant stimulation of the muscles. In 
particular, the processor is preferably programmed to 
recognize signal patterns indicative of normal voiding, 
and does not stimulate the muscles when such patterns 
occur, so that the patient can pass urine normally. 
Preferably, the processor analyzes both long-term and 
short-term variations in the signals, as well as rates 
and patterns of change in the signals. Most preferably, 
in response to the analysis, the processor: (a) makes an 
assessment of the patient's physiological condition, such 
as of the patient's bladder fill level, (b) responsive to 
the assessment, adjusts a time-varying threshold level 
associated with an aspect of the EMG signal (e.g., 
magnitude and/or rate) that .varies over time, and (c) 
applies the stimulation only when a transient variation 
in the aspect of the EMG signal exceeds the threshold. 

Further preferably, in order to reduce consumption 
of electrical power, the control unit comprises a 
low-power, low-speed processor, which monitors the EMG 
signals continuously, and a high-speed processor, which 
turns on only when the low-speed processor detects an 
increase in EMG activity. The high-speed processor 
performs an accurate analysis of the signals to deternine 
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whether stimulation is actually warranted. The inventors 
have found that the signals must generally be analyzed at 
a sample rate greater than 1000 Hz in order to accurately 
forecast whether or not involuntary urine loss is about 
to occur. 

Preferably, the electrodes are implanted (unlike 
electrical muscle stimulators known in the art) ana 
generally apply electrical stimulation directly into the 
muscle only when contraction is actually required, 
preferably as indicated by intrinsic physiological 
signals. At other times, stimulation is not applied, and 
the muscles are allowed to relax. Implantation of ths 
device provides reliable, typically long-term control of 
muscle function, and relieves incontinence in a manner 
that is unobtrusive and minimizes inconvenience and 
discomfort of the patient. The stimulation mimics the 
natural function of the muscles in maintaining urinary 
continence.. Repeated stimulation using these embodiments 
of the present invention also tends to exercise and 
strengthen the muscles, thus enhancing their inherent 
capability to control urine flow. Direct stimulation cf 
the muscles, in accordance with the principles of these 
embodiments of the present invention, is believed to be 
effective against urine loss due to substantially all 
common types of stress incontinence. 

Although preferred embodiments of the present 
invention are described with reference to treatment cf 
urinary stress incontinence, it will be appreciated that 
the principles of the present invention may be applied as 
well to treat other types of urinary incontinence, such 
as urge incontinence, to fecal incontinence, and to treat 
and enhance the function of other muscles in the body. 
Alternatively or additionally, principles of the present 
invention may be applied to treating constipation or 
pathological retention of urine, typically by stimulating 
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some muscles to contract {e.g., aasclw of the colon), 
while stimulating some paras^pathetic nerves to induce 
relaxation of other muscles (e.g., the muscles of tr.e 
anus). These applications of the invention may be 
particularly useful following spinal cord injury. 

There is therefore provided, in accordance with a 
preferred embodiment of the present invention, a device 
for treatment of urinary stress incomtiner.ee, including: 

at least one electrode, which is implanted in a 
pelvic muscle of a ?atier.t; and 

a control unit, which receives signals indicative of 
abdominal stress in the patient and responsive thereto 
applies an electrical waveform to the electrode wh.ch 
stimulates the muscle tc contract, so as to inhibit 
involuntary urine flew through the patient's urethra due 
to the stress. 

Preferably, the signals include electromyographic 
signals received from tie at leas- one electrode, and the 
device includes a switch between the electrode and an 
input of the control unit, which switch is opened when 
the electrical waveform is applied so as to prevent 
feedback from the electrode to the input. 

Preferably, the control unit includes a processor, 
which analyzes the signals so as to determine when an 
involuntary urine flow is likely, whereupon the waveform 
is applied. Further preferably, the processor 

distinguishes between signals indicative of an 
involuntary urine flow and signals indicative of 
voluntary voiding by the patient. Preferably, the 
processor is programmable to vary one or more parameters 
associated with the application of the waveform, and the 
device includes a wireless receiver, which receives data 
for programming the processor from a programming unit 
outside the patient's body. 
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Preferably, the processor's analysis is performed on 
substantially non-rectified data. Further preferably, 
the processor analyzes the signals using spectral 
analysis. Most preferably, the spectral analysis is 
performed by the processor on substantially non-rectified 
data. 

Preferably, the at least one electrode includes a 
single unipolar electrode or, alternatively or 
additionally, a pair cf bipolar electrodes. Further 
preferably, the at least one electrode includes a 
flexible intra-musculer electrode. 

In a preferred embodiment, the device Includes a 
. physiological sensor coupled zo tha patient's bladder, 
which sensor provides at least some of the signals to the 
control unit. Preferably, the sensor includes a pressure 
sensor or, alternatively or additionally, an acceleration 
sensor. 

Preferably, the at least or.e electrode and the 
control unit are implanted in the body of the patient, 
and the control unit includes a rechargeable power 
source. Most preferably, the power source is recharged 
by inductive energy transfer, substantially without 
electrical contact between the control unit and any 
object outside the patient's body. 

Preferably, the pelvic muscle includes the levator 
ani muscle or, alternatively or additionally, the 
urethral sphincter muscle or another muscle adjacent to 
the urethral sphincter muscle. 

There is further provided, in accordance with a 
preferred embodiment of the present invention, a device 
for treatment of urinary incontinence in a patient, 
including: 

a sensor, which is cou F led to generate a signal 
responsive to a fill level of the patient's bladder; and 
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a control unit, which receives and analyzes the 
signal from the sensor so as to determine a fill level of 
the bladder and responsive thereto applies stimulation to 
a pelvic muscle of the patient, so as to inhibit 
involuntary flow of urine through the patient's urethra 
when the fill level of. the bladder is above a threshold 
level. 

Preferably, the control unit receives a further 
signal indicative of abdominal stress and applies the 
stimulation to the pelvic muscle responsive to the stress 
except when the fill level of the bladder is below the 
threshold level. In a preferred embodiment, the sensor 
includes an electrode, which is placed in electrical 
contact with the pelvic muscle of the patient to receive 
an electromyogram signal therefrom indicative of the 
stress and of the fill level. 

Preferably, the device includes an electrode, which 
is placed in electrical contact with the pelvic muscle of 
the* patient, and the control unit applies an electrical 
waveform to the electrode sc as to stimulates the muscle 
to contract, thereby inhibiting the involuntary flow of 
urine . 

in another preferred embodiment, the sensor includes 
a pressure sensor or, alternatively or additionally, an 
ultrasound transducer. 

There is moreover provided, in accordance with a 
preferred embodiment of the present invention, a device 
for treatment of urinary stress incontinence, including: 

at least one electrode, which is placed in 
electrical contact with a pelvic muscle of a patient; and 
a control unit, which receives electromyogram 
sionals from the electrode indicative of abdominal stress 
in' the patient, and which determines a threshold signal 
level that varies over time responsive to a condition of 
the patient, and which, responsive to a transient 
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increase in the electrogram signal above the threshold 
level, applies an electrical waveform to the electrode 
which stimulates the muscle to contract, so as to inhibit 
involuntary urine flow through the patient's urethra due 
to the stress. 

Preferably, the threshold signal level varies over 
fie responsive to temporal variation of a mean value of 
the electrogram signals. Additionally or 

alternatively, the threshold signal level increases 
responsive to time elapsed since the patient last passed 
urine or responsive to an increase in a fill level of the 
patient's bladder. 

There is additionally provided, in accordance with a 
preferred embodiment cf the present invention, a device 
for treatment of urinary stress incontinence, including: 

a- least one electrode, which is placed in 
electrical contact with a pelvic muscle of a patient; and 
a control unit, which receives electromyogran 
signals from the elec-.rode and, respensive to a rate of 
change of the signals indicative of a possible 
involuntary urine flow, applies an electrical waveform to 
the electrode which stimulates the muscle to contract, so 
as to inhibit the involuntary urine flow. 

Preferably, when the rate of change is. below a 
threshold rate, the control unit withholds the waveform 
so as to allow voluntary voiding. 

There is also provided, in accordance with a 
preferred embodiment of the present invention, a method 
for treatment of urinary stress incontinence of a 
patient, including : 

implanting an electrode in a pelvic muscle of the 

receiving a signal from the patient's body 
indicative of abdominal stress; and 
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responsive to the signal, applying an electrical 
w.vefor* to the electrode, which stimulates the muscle to 
contract so as to inhibit involuntary urine flow through 
the urethra due to the stress. 

Preferably, applying the electrical waveform 
deludes implanting an electrode in the patient's body in 
e-ectrical contact with the pelvic muscle, most 
preferably with the levator ani muscle or, alternatively 
or additionally, in contact with the urethral sphincter 
muscle or in proximity thereto. 

F-rcher preferably, applying the waveform includes 
• ^plying a waveform to the electrode in a unipolar mode. 
Alternatively or additionally, implanting the electrode 
includes placing at lesst two electrodes in electrical 
contact with the muscle,, and applying the waveform 
includes applying a vavefcrm between the electrodes in a 
bipolar mode. 

Preferably, receiving the signal includes receiving 
an electromyographic signal. 

Tn a preferred embodiment, receiving the signal 
^eludes receiving a signal indicative of pressure on the 
natient's bladder cr, alternatively or additionally, 
'receiving a signal indicative of motion of the patient's 
bladder. 

Preferably, aoplying the waveform includes analyzing 
the signal to determine when an involuntary urine flow is 
-ikely, and applying a waveform dependent on the 
determination, wherein analyzing the signal preferably 
includes distinguishing between a signal indicating that 
the involuntary urine flew is likely and another signal 
indicative of voluntary vciding. 

Preferably, analyzing the signal includes analyzing 
substantially non-rectified data. Further preferably, 
analyzing the signal includes performing a spectral 
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analysis. Most preferably, performing the spectral 
analysis includes perforring the spectral analysis on 
substantially non-rectified data. 

in a preferred eminent, applying the waveform 
includes varying a parameter of the waveform selected 
from a group including amplitude, frequency, duration, 
wave shape and duty cycle. Alternatively or 

additionally, applying the waveform includes applying a 
pulse burst. 

There is further provided, in accordance with a 
preferred embodiment of the present invention, e device 
• for treatment of urinary stress incontinence, including: 

at least one electrode, which is placed in 
electrical contact with a pelvic nuscle of a patient; and 
a control unit, which receives signals indicative of 
impending urine flow, and distinguishes signals 
indicative of an involuntary urine flow from signals 
indicative of voluntary voiding by the patient, and 
responsive thereto applies an electrical waveform to the 
electrode which stimulates the muscle to contract, so as 
to inhibit involuntary urine flow. 

Preferably, the control unit distinguishes between 
the signals indicative of an involuntary urine flow and 
the signals indicative of voluntary voiding, 
substantially without application of an input to the 
control unit from outside the patient's body. 

There is still further provided, in accordance with 
a preferred embodiment of the present invention, a device 
for treatment of urinary stress incontinence, including: 

at least one electrode, which is placed in 
electrical contact with a pelvic muscle of a patient; and 
a control unit, which receives at a sample rate 
substantially greater than 1000 Hz signals indicative of 
abdominal stress in the patient, analyzes the signals so 
as to determine when an "involuntary urine flow is likely 

14 . 
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and responsive thereto applies an electrical waveform to 
the electrode which stimulates the muscle to contract, so 
as to inhibit involuntary urine flow through the 
patient's urethra due to the stress. 

There is moreover provided, in accordance with a 
preferred embodiment of the present invention, a device 
for treatment of urinary stress incontinence, including: 

at least one electrode, which is placed in 
electrical contact with a pelvic muscle of a patient; 

a first processor, which receives signals indicative 
of abdominal stress in the patient and analyzes the 
signals substantially continuously at a low data analysis 
rate; and 

a second processor, which, responsive to a 
determination by the first processor that involuntary 
urine flow is likely to occur, is actuated by the first 
processor to analyze the signals at a high data analysis 
rate and, responsive to the analysis at the high data 
rate, applies an electrical waveform to the electrode 
which stimulates the muscle to contract, so as to inhibit 
involuntary urine flow. 

There is also provided, in accordance with a 
preferred embodiment of the present invention, a method 
for treatment of urinary stress incontinence of a 

patient, including: 

placing an electrode in electrical contact with a 

pelvic muscle of the patient; 

receiving a signal from the patient's body 

indicative of abdominal stress; 

analyzing the received signal to distinguish between 
a signal indicating that involuntary urine flow is likely 
and another signal indicative of voluntary voiding; and 

responsive to the analysis, applying an electrical 
waveform to the electrode, which stimulates the muscle to 
contract so as to inhibit involuntary urine flow. 
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There is further provided, in accordance with a 
preferred embodiment of the present invention, a method 
for treatment of urinary stress incontinence of a 

patient, including: 

placing an electrode in electrical contact with a 

pelvic muscle of the patient; 

receiving at a sample rate substantially greater 
than 1000 Hz signals indicative of abdominal stress; 

analyzing the signals so as to determine when an 
involuntary urine flow is likely; and 

responsive to the analysis, applying an electrical 
waveform to the electrode, which stimulates the muscle to 
contract so as to inhibit involuntary urine flow. 

The present invention will be more fully understood 
from the following detailed description of the preferred 
embodiments thereof, taken together with the drawings in 
which: 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a schematic. pictorial view of an 
implantable muscle stimulation device, in accordance with 
a preferred embodiment of the present invention; 

Fig 2 is a schematic, partly sectional illustration 
showing implantation of the device of Fig. 1 in the 
pelvis of a patient, in accordance with a preferred 
embodiment of the present invention; 

Fig 3 is a schematic block diagram illustrating 
circuitry used in an implantable muscle stimulation 
device, in accordance with a preferred embodiment of the 
present invention; 

Fig 4 is a schematic block diagram illustrating 
circuitry used in an implantable muscle stimulation 
device, in accordance with another preferred embodiment 
of the present invention; 

Fig. 5 is a schematic block diagram illustrating 
signal processing circuitry for analyzing electrogram 
signals, in accordance with a preferred embodiment of the 
present invention; and 

Figs. 6 and 7 are graphs showing simulated and 
• measured electroir.yogram signals, representative of 
different aspects of use of an implantable muscle 
stimulation device, in accordance with a preferred 
embodiment of the present invention. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

I. Overview of Preferred Embodiments 

A. General description of stimulator device 

B. Sensing and control functions of the device 

C. signal processing 

D. Power consumption control 

II. Detailed Description of Figures 

A. External elements of a stimulator device 
• b. Anatomical and surgical considerations 

C. Signal processing 

(i) hardware and algorithms 

(ii) simulation of a typical EHG 

(iii) experimentally measured IMG signals: 
distinguishing incontinence from voluntary voiding 

D. Muscle stimulation 

E. Provision of power to the control unit 

p. External communication with the control unit 

G. Utilization of other sensors 

H. Reduction of power consumption 

I. Overview of Preferred Embodiments 

A. General description of stimulator device 
Various aspects of the present invention are 
described in this section (I) and in greater detail in 
the following section (II). As described with reference, 
to the preferred embodiment shown in Fig. 1, an 
electronic muscle stimulator- device is implanted in the 
genital region of a patient and stimulates one or more of 
the muscles in the region, so as to control and treat 
urinary stress incontinence. Preferably, motion of or 
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pressure on or in the area of the patient's urinary 
bladder Generates an electromyographic (EMG) signal an 
the muscles, which is sensed by one or more electrodes 
and is analyzed by a control unit of the device. 
Alternatively or additionally, non- electromyographic 
signals are received and analyzed by the control unit. 
When the control unit determines that the signals are 
indicative of a conditicn, such as an increase m 
abdominal or intravesical pressure, that is likely to 
cause involuntary urir.e flow from the bladder, it applies 
an electrical waveform to the one or more electroces, 
stimulating the contacted muscle to contract and thus tc 
inhibit the urine flew. 

B. Sensing and control functions of the device 
in addition to EMG sensing electrodes, the device 
preferably also comprises one or more other physiological 
sensors, described hereinbelow with reference to Figs.. 
2-4, which generate signals responsive to motion, to 
intravesical or abdominal pressure, or to urine volume in 
the bladder. These signals are indicative of possible 
incontinence that may occur due to coughing, laughing, or 
other strain or motion of the abdominal muscles. 
Typically, when the urine volume in the bladder is low, 
-here will be no urine flow even when the abdominal 
pressure does increase. As described with reference to a 
plurality of the figures, the control unit preferably 
orocesses the signals from the other sensors and uses 
'them to determine when the electrical stimulation should 
be applied to the muscles. 
C. Signal processing 

Preferably, the control unit comprises a processor, 
e.g., as described with reference to Figs. 3 and 4, which 
is' programmed to distinguish between signals indicative 
of possible incontinence and other signals that do net 
warrant stimulation of the muscles. In particular, the 
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processor is preferably programed to recognize signal 
patterns indicative of normal voiding, and does not 
stimulate the muscles when such patterns occur, so that 
the catient can pass urine normally. Defection of normal 
voiding is described in more detail with reference to 
Fig. 7. Preferably, the processor analyzes bo-h 
lonc-term and short-term variations in the signals, as 
well as rates, spectral patterns, and patterns of change 
in the signals. Most preferably, in response to the 
analysis, the processor sets a threshold of an aspect of 
the EKG signal that varies over time responsive to an 
assessment of the patient's physiological condition, and 
" applies the stimulation only when a transient variation 
in the aspect of the EMG signal exceeds the threshold. 
Methods for modifying the threshold in real time are 
described with reference to Fig. 6. In the context of 
the present patent application and in the claims, a 
"time-varying threshold" is to be understood as 
W comprising substantially any appropriate time-varying 

detection parameters that a person skilled in the art, 
t v a ving read the disclosure of the present patent 

t - application, would consider useful in applying the 

3 principles of the present invention. By way of 

U illustration and not limitation, these time-varying 

detection parameters may include magnitude, rate, or 
ether aspects of the EMG signal, and quantitative 
ultrasound, pressure, or acceleration measurements, as 
described herein. 

D. Powex consumption control 

As described with reference to Fig. 5, the control 
unit preferably comprises a low-power, low-speed 
orocessor, which monitors the EMG signals continuously, 
"and a high-speed processor, which turns on only when the 
low-speed processor detects an increase in SMG activity. 
Use of the two processors has been shown to significantly 
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reduce consumption of electrical power. The high-speed 
processor performs an accurate analysis of the signals to 
determine whether stimulation is actually warranted. 

II. Detailed Description of Figures 

A. External elements of a stimulator device 
Reference is now made to Fig. 1. which is a 
schematic, pictorial illustration of an implantable 
electronic muscle stimulator device 20, in accordance 
with a preferred embodiment of the present invention . 
Device 20 is preferably implanted in the genital region 
of a patient, as described further hereinbelow, for use 
in stimulating one or more of the muscles in the region, 
so as to control and treat urinary stress incor.zinence. 

Device 20 comprises a control unit 22 snd electrodes 
27 and 29, mutually coupled by an electrical lead 24. 
The electrodes are preferably flexible intramuscular-type 
wire electrodes, about 1-5 n long and 50-100 microns ui 
diameter, thus designed to minimize patient discomfort. 
They are typically formed in the share of a spiral or 
hook, as is known in the art, so that they can be easily 
and permanently anchored in the muscle. The wire from 
which the electrodes are made comprises a suitable 
conductive material, preferably a biocornatible metal 
such as silver, a platinum/iridium aLloy (90/10) or a 
nickel/chromium alloy. Lead 24 is preferably 5-10 cm. long 
and has an insulating jacket 26 preferably comprising 
nylon, polyurethane, Teflon or other flexible, 
biocompatible insulating material. An optional 

additional wire 28 inside jacket 26 serves as an anzenna 
for the purpose of wireless communications with device 
20, as described further hereinbelow. 

Control unit 22 contains circuitry, described 
further hereinbelow with references to Figs. 3, 4 and 5, 
for receiving electrical signals from and applying a 
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waveform to electrodes 27 and 29 via lead 24 . The 
circuitry is preferably contained in a case 25, made of 
stainless steel or other suitable biocompatible metal, 
and is preferably about 20 n in dimeter and 4 m thick. 
For some applications, the stainless steel case serves as 
a around electrode for electrodes 27 and 29 when they are 
sensing or stimulating in a bipolar -de. Alternatively 
the case may be made of a plastic material whxer. xs 
coated with a layer of biocompatible plastic, such as 
polymethyl methacrylate (PMYA) or silicone. Although two 
electrodes are shown attached to the control unit an Fxg. 
1 it is possible to use only a single electrode or, 
' alternatively, additional electrodes and/or other sensors 

i- m ay similarly be coupled to the control unit, as 

fjj described further hereinbelow. 

;;P B . Anatomical and svrglcsl considerations 

Fig. 2 is a schematic, partly sectior.al illustration 
showing the genitourinary anatomy of a female patient 31 
in whom device 20 is implanted, in accordance wxth a 
13 preferred embodiment of the present invention. It wxl- 

= be aporeciated that whereas preferred embodiments or the 

present invention are described with respect to .emale 
patients, the principles of the present invention can 
also be applied to male patients, mutatis mutandis. 
Electrodes 27 and 29 (not shown) are preferably xnsertec 
' into a muscle 32, in a vicinity of urethra 34 and bladder 
36. Most preferably, the electrodes are inserted into the 
patient's levator ani muscle, which supports ana 
reinforces the operation of the urethral sphincter ana 
can generally compensate for lost function of the 
sphincter in controlling urine flow from the bladder, 
such as may occur in cases of stress incontinence. The 
electrodes are preferably inserted through an xncxsxor. 
made in the wall of vagina 42, and control unit 22 may 
likewise be implanted through this xncisxon. 

22 
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Alternatively, another suitable approach may be chosen 
for ease of access and minimization of tissue trauma. 

As noted hereinabove, the levator ani and sphincter 
cooperate with f ibrcmuscular extensions along urethra 34 
and with other muscles in the general vicinity of the 
pelvic diaphragm. Thus, one or both of the electrodes 
may, alternatively or additionally, be inserted into one 
of these other muscles, such as the puborectalis, 
pubococcygeus, bulboscongiosus or the urethral sphincter 
itself. The orecise placement of the electrodes is not 
essential, oarticularly since electrical signals tend to 
pass amona the different muscles in the region. Thus, any 
placement of the electrode in or on one or more of the 
pelvic muscles sui-.able for exercising urine control is 
considered to be within the scope of this embodiment of 
the present invention. 

Control unit 22 is preferably implanted under the 
skin in the genitcpelvic region of patient 31. Most 
ore'erabiy, the control unit is implanted inside the 
"oatient's labia minora 28 or in the labia majora 40, near 
muscle 32. Alternatively, the control unit is not 
imoianted in the patient's body, but is instead 
maintained outside the body, connected by lead 24 to zhe 
electrodes. :his configuration is convenient 

particularly for an initial test period, during which the 
effectiveness of device 20 in treating a given patient is 
evaluated before permanent implantation. 

Optionally, a miniaturized ultrasound transducer 44 
is irrplanted in proximity to bladder 36 and is coupled to 
control unit 22. Signals from the transducer are 
analyzed to estimate the urine volume within the bladder. 
When the bladder is empty, there is no need to actuate 
electrodes 27 and 29, even when a transient increase in 
the electrcmyogram (EMG) signal, as described 
hereinbelow, indicates an increase in abdominal pressure. 
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Alternatively or additional, the EMG signal itself is 
analyzed to gain an indication of the urine volume in the 
bladder, since when the bladder is full, the average EMG 
activity typically increases. 
C. Signal prccessing 

(i] hardware and algorithms 
Fig. 3 is a schematic block diagram showing 
circuitry used in control unit 22 to receive signals from 
and apply electrical waveforms to electrode 27, in 
accordance with a preferred embodiment of the present 
invention. Although in this embodiment, device 20 is 
' described as operating in a unipolar mode, the principles 
U described hereinbelc* are applicable to bipolar 

!: ? operation, as well, in which both electrodes 27 and 29 

Q 

„p are active. 

■t When stress is applied to the abdomen of patient 31, 

Q electrode 27 receives EMG signals from muscle 32. These 

signals are conveyed via a switch 46, which is normally 
closed, to the input of an amplifier 48, preferably a 
* lew-noise operational amplifier. Amplified signals 

\t - cutout from amplifier 46 are digitized by an 

□ analoo/cigital JA/D) converter 50 and conveyed to a 

!' U central processing unit (CPU) 52, preferably a 

nlcroprocessor. Preferably, although not necessarily, 
the amplified signals are not rectified prior to being 
digitized, to allow various forms of analysis, for 
example-, spectral analysis, to be performed on the raw 
data", without the distortion imparted by rectification. 

CPU 52 preferably analyzes these signals and/or 
signals fron other physiological sensors, such as 
ultrasound, pressure, and acceleration sensors described 
toreinbelov, to determine whether they fit a pattern 
indicating that incontinence, i.e., involuntary urine 
flow from bladder 36, is likely to result from the 
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stress. The pattern may correspond to coughing, 
laughing, or other strain or notion of the abdominal 
muscles. The analysis preferably comprises a spectral 
analysis and an analysis of EMG signal magnitude and 
rate. The CPU is programmed to distinguish between 
incontinence-related patterns and other signal patterns 
not associated with incontinence, such as signals 
generated when patient 31 wishes to pass urine 
voluntarily. Preferably, the CPU gathers long-term 
statistical information regarding the ZMG and analyzes 
the information to "learn" common signal patterns that 
are 'characteristic of patient 31. The learned patterns 
are used in refining decision criteria used by the CPU in 
determining whether or not to apply waveforms to the 
electrodes . 

(ii) simulation of a typical EMG 

Fig. 6 is a graph that schematically illustrates 
results of a simulation experiment, in acccrcar.ce with a 
preferred embodiment of the present invention, including 
a simulated EMG signal 100 of a woman suffering fron 
stress incontinence. A variable, adaptive threshold 
level 102 is marked on the graph. Over the course of 
several hours, as the woman's bladder fill level 
increases, the average level of EMG signal 100 increases 
accordingly. In this example, threshold level 102 is 
computed so as to increase as a function ' of the average 
EMG, Alternatively or additionally, threshold level 102 
and a plurality of other time-varying detection 
parameters are calculated as functions of ether features 
of the EMG signal or of other aspects of the woman's 
condition (particularly as measured by sensors 44, 76 and 
78 (Fig. 4)), and are used separately or in combination 
in determining whether to apply stimulation to Inhibit 
involuntary urine flow. Adaptive threshold level 102 
enables five possible incidents of incontinence, narked 
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by excursions 104 of signal 100 over level 102/ to be 
detected reliably, with a low false alarm rate. On the 
other hand, if a fixed threshold level 106 is used/ as is 
known in the art/ a nuirber of EMG excursions 104 are 
missed/ and the false alarm rate is high. 



distinguishing incontinence from voluntary voiding 

Fig. 7 includes graphs 110 and 112 that 
schematically illustrate experimental measurements made 
before, during and after voluntary voiding of urine, in 
accordance with a preferred embodiment of the present 
* invention. Graph 112 is a continuation in time .of graph 
110. The upper trace in both graphs illustrates urine 
flow, wherein the beginning and end of voluntary flew are 
marked by arrows. The lower trace illustrates measured 
EMG signals. 

In a period preceding voiding, an EM3 signal 214 
shows substantial high-frequency activity, which is 
generally indicative of a full bladder. As illustrated 
by the graphs in the preceding figures, high-frequency 
spikes in signal 114 (of which none appear in Fig. 9) 
would be interpreted by CPU 52 as signs of imminent 
incontinence, leading to actuation of pulse generator 54. 
On the other hand, voluntary voicing is preceded by an 
EMG signal 116, in which there is a large but gradual 
increase in the signal level. Signal 116 is associated 
with voluntary activation of the pelvic floor muscles for 
the purpose of passing urine from the bladder/ as is a 
later signal 118 during voiding- Therefore, CPU 52 
analyzes not only the level of the EMG signals, tut also 
a rate of change of the signals, in order to distinguish 
between voluntary and involuntary contractions of the 
pelvic muscles. When the rate of charge is 

characteristic of voluntary voiding, no stimulation is 
applied by pulse generator 54. 
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D. Muscle stimulation 

When possible incor.tir.ence is detected in this 
manner, CPU 52 opens switch 46 and commands a pulse 
generator 54 to apply a suitable electrical waveform to 
electrode 27 so as to stimulate muscle 32 to contract. 
Switch 46 is opened in order to avoid feedback of the 
stimulation waveform to amplifier 48, and is closed again 
after the waveform is terminated. In the embodiment 
shown in Fig. 3, the waveform is applied to the electrode 
in a unipolar mode, wherein case 25 of control unit 22 
serves as the return (ground) electrode. (This mode can 
• be used only when case 25 comprises a conductive 
material. When control unit 22 has a plastic case, at 
least two electrodes are generally needed, in order to 
administer bipolar stimulation.) As muscle 32 contracts, 
it closes off urethra 34, thus inhibiting the uncesired 
urine flow. Preferably, the waveform is terminated and 
i switch 46 is closed after a predetermined period of time, 

typically about 5 sec, has passed. If possible 
P incontinence is again detected at this point, the 

waveform is re-applied. 
5 It will be appreciated that, depending on the 

particular application, one or more waveforms may be 
employed in the practice of various embodiments of the 
present invention. Tor example, the waveform may be 
uniphasic or biphssic and may have a range of amplitudes, 
duty cycles and/or frequencies. It has been found 
generally that pulse frequencies in the range between 5 
and 200 Hz are effective in engendering contraction of 
the levator ani and other pelvic muscles, tut it may also 
be possible to use frequencies cutside this range. In a 
preferred embodiment, the waveform comprises a bipolar 
square wave having the following characteristics: 

• Current 30-100 mA, 

• Voltage 9-15 V, 
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• Pulse width 0.1-2.0 ms, variable in increnents of 
0.1 ms, and 

• Pulse repetition rate 30-50 Hz. 

Alternatively, the waveform may comprise a decaying 
square wave, sinusoid or sawtooth or have any other shape 
found to be suitable. Further alternatively or 
additionally, the waveform may comprise one or more 
bursts of short pulses, each pulse preferably less than 2 
ms in duration. Generally, appropriate waveforms and 
parameters thereof are determined during the initial test 
period. 

E. Provision cf power to the control unit 

Power is supplied to the elements of control unit 22 
by a battery 56, which cay comprise a primary battery 
(non-rechargeable) and/or a rechargeable battery. 
Alternatively, a super-capacitor, as is known in the art, 
may be used to store and provide the electrical power. 
If a rechargeable battery or super-capacitor is used, it 
is preferably recharged via an inductive coil 58 or 
antenna, which receives energy by magnetic induction from 
an external magnetic field charging source (not shown? 
hold in proximity to the pelvis of patient 31. The 
magnetic field causes a current to flow in coil 58, which 
is rectified by a rectifier 60 and furnished to charge 
battery 56. Wire 26 may also be used for this purpose. 

Preferably, battery 56 comprises a standard battery, 
such as a lithium battery, having a nominal output of 3 
volts. Kost preferably, pulse generator 54 comprises a 
DC/DC converter, as is knewn in the art, and a capacitor, 
which is charged by the DC/DC converter to a constant, 
stepped-up voltage level regardless of the precise 
battery voltage, which may vary between 3.5 and 1.3 
volts. The same IC/DC converter, or another similar 
device, preferably supplies power to other circuit 
components of control unit 22. 
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F. External communication with the control unit 
An inductive arrangement, using wire 23 coupled to 
CPU 52, -s preferably used to program the CPU, using an 
external programming device (not shown) with a suitable 
antenna. Alternatively, the programming device generates 
a -odula-ed magnetic field to communicate with a receiver 
inside case 25, which preferably senses the field using a 
HaU effecx transducer. Such programming may be used, 
for example, to set an amplitude or duration of the 
stimulation waveform applied by pulse generator 54, or to 
«e- a threshold level or other parameters, according to 
wlrch the CPU distinguishes between electromyographic or 
other sicnals that are indicative of impending 
incontinence and those that are not (e.g., those that 
indicate voluntary voiding). Such programming may be 
carried out by medical personnel or by the patient 
herself, who can similarly turn the implanted control 
unit on and off as desired by passing a suitable magnet 
over the area of her pelvis. 

Although the circuit blocks in control unit 22 are 
shown as discrete elements, some or all of these blocks 
are preferably embodied in a custom or semi-custom 
integrated circuit device, as is known in the art. 
G. Utilization of other sensors 

Fig. 4 is a schematic block diagram illustrating a 
muscle stimulator device 70, in accordance with an 
alternative embodiment of the present invention. Device 
70 is substantially similar to device 20. except for 
features described hereinbelow. Device 70 comprises a 
control unit 74, which is coupled to electrodes 27 and 
25. Electrode 29 also serves as the sensing electrode, 
furnishing electromyographic signals via switch 46 to 
amplifier 48, as described hereinabove. Alternatively, 
electrodes 27 and 29 may be coupled as differential 
inpuxs to amplifier 49. Fulse generator 54 applies the 
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stimulation waveforns between electrodes 27 and 29 in a 
bipolar mode. 

I- addition to or instead of the electromyographic 
signals received from electrode 29, CPU 52 preferably 
receives additional signals from other physiological 
sensors, such as ultrasound transducer 44 (shown in Fig. 
2), a pressure sensor 76 and/or an acceleration sensor 
79, or' other types of strain and motion measurement 
devices, as are known in the art. Pressure sensor 76 is 
preferably implanted on or in bladder 36, so as to detect 
increases in abdominal or intravesical pressure that may 
lead to involuntary urine loss. Similarly, acceleration 
sensor 7 8 is preferably implanted so as to detect bladder 
rotior. associated with hypermobility, which is similarly 
associated with urine loss. The additional signals from 
-hese sensors are preferably analyzed by the CPU together 
with the electromyographic signals in order to improve 
the accuracy and reliability of detection of impending 
stress incontinence. 

S& impedance sensor 79 is used to measure the tissue 
impedance between leads 27 and 29, using physiological 
impedance measurement techniques known in the art. 
murine long-term use of device 70 (or other such 
devices), fibrosis in the area of the implanted 
electrodes tends to cause the impedance to increase, so 
that the stimulating current for a given applied voltage 
decreases. The impedance measured by sensor 79 is used 
as a feedback signal instructing CPU 52 to increase the 
voltage, so that a generally constant level of 
stimulation current is maintained. 

H, Reduction of power consumption 

Fig. 5 is a schematic block diagram showing details 
of signal processing circuitry 80 for use in device 20 or 
70, in accordance with a preferred embodiment of the 
present invention. In order to detect impending 
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^continence with adequate reliability, A/D converter 50 
vast tyoically sample the EMG signals from the electrodes 
a- 1000-5000 Hz, and CPU 52 must perform a detailed 
analysis of the sample stream. Systems for incontinence 
control known in the art, operating at sample rates below 
1000 Hz, cannot adequately distinguish between signals 
that nay be indicative of incontinence and those that are 
not. For the purpose of such high-rate sampling, CPU 52 
^eferably comprises a low-power, software-programmable 
processor. If A/D converter 50 and CPU 52 were to 
coerate continuously, however, battery 56 would rapicly 
-'un down. Therefore, circuitry 80 comprises a low-power, 
low-resolution A/D converter 84 and hard-coded processing 
logic 8 6, which operate continuously at a low sampling 
rate, preferably at about 100-200 Hz. Input from 
amplifier 48 to A/D converter 84 is preferably rectified 
by a rectifier 82. 

In operation, A/D converter 50 and CPU 52 are 
normally maintained in a standby state, in which their 
oower consumption is negligible. When logic 86, 
"operating at the low sampling rate, detects EMG signals 
-hat may be a precursor to incontinence, it signals A/D 
converter 50 to begin sampling at the high rate. In 
order not to lose significant data from the brief period 
before A/D converter 50 and CPU 52 turn on, signals from 
A/D converter 84 are preferably stored in a cyclic (or 
first-in first-out) queue 88, such as a delay line. The 
entire sequence of signal detection and processing is 
estinated to take between 5 and 20 ms, up to the point at 
which CPU 52 reaches a decision as to whether or not to 
actuate pulse generator 54. Pulse generation takes 
between 1 and 20 ns, with the result that contraction of 
the pelvic muscles begins within 15-50 ms of the onset of 
increased EMG activity indicating impending urine loss. 
Thus, urethra 34 is substantially closed off before any 
significant amount of urine can leak out. 
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As shown in Fig. 5, EMG inputs frc* electrodes 27 
and 29 are preferably amplified before processing in a 
dual-differential configuration. Electrode 27 and 29 are 
coupled to respective differential preamplifiers 87 and 
69 The outputs of the preamplifiers are differentially 
amplified by amplifier 46. This configuration, which 
affords enhanced sensitivity and reduced noise in device 
70, is shown in Fig. 4. 

Although preferred embodiments of the present 
invention are described hereinabove with reference to 
treatment of urinary stress incontinence, it will be 
appreciated that the principles of the present invention 
may be applied as well to treat other types of 
incontinence, such as urge incontinence, and to treat anc 
enhance the function of other iruscles in the body. It 
will be understood that the preferred embodiments 
described above are cited by way. of example, and tha full 
scope of the invention is limited only by the claims. 
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CLAIMS 

1. A device for treatment 
incontinence, comprising: 

at least one electrode, which is implanted in a 
pelvic muscle of a patient; and 

a control unit, which receives signals indicative of 
abdominal stress in the patient and responsive thereto 
applies an electrical waveform to the electrode which 
stimulates the muscle to contract, so as to inhibit 
involuntary urine flow through the patient's urethra due 
to the stress. 

2. A device according to ciain 1, vherein the signals 
comprise electromyographic signals received from the at 
least one electrode. 




aim 2, and comprising a 
o an input cf the control 
when the electrical waveform 
eedback from the electrode 



3 . A device accor 
switch between the 
unit, which switch 
is applied so as to 
to the input. 

4. A device according to claim 1, wherein the control 
unit comprises a processor, which analyzes the signals so 
as to determine when an involuntary urine flow is likely, 
whereupon the waveform is applied. 

5. A device according to claim 
distinguishes between signa 
involuntary . urine flow a: 
voluntary voiding by the patient 

6. A device according to yClai 
gathers information regarding 

extended period and analyzes the information to find a 
pattern characteristic/ of the patient, for use in 
determining when an ijhrolur.tary urine flow is likely. 




wherein the processor 
indicative of an 
gnals indicative of 



5J wherein the processor 
the signals over an 
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7. A device according to claim/ 6, wherein the pattern 
comprises a tine-va~rying threshold to which a level of 
the signals is compared. 

8. A device according to. claiJ 5, wherein the processor 
distinguishes between the signals indicative of an 
involuntary urine flow ar.d tie signals indicative of 
voluntary voiding by the patieht responsive to a rate of 
change of the signals. 

9. A device according to cliim/V, wherein the processor 
analyzes the signals at J sample rate substantially 
greater than 1000 Hz. 

10. A device according / to claim 4, wherein the 
processor's analysis is/ perfomed on substantially 
non-rectified data. 

11. A device according 'tab clain 4, wherein the processor 
analyzes the signals using spectral analysis. 

12. A device according /to claim 11, wherein the spectral 
analysis is performed py the processor on substantially 
non-rectified data. 

13. A device according to clain 4, wherein the processor 
is programmable to vary one or nore parameters associated 
with the application of the waveform. 

14. A device according to claim. 13, and comprising a 
wireless receiver, which receives data for programming 
the processor from a programing unit outside the 
patient's body. 

15. A device according to clain 4, wherein the processor 
comprises a first processor,/ whiph analyzes the signals 
substantially continuously dtJKlov data analysis rate, 
and a second processor, vl/icM i^ actuated by the first 
processor to analyze the /ignals at a high data analysis 
rate when the first proc/ssor determines that involuntary 
urine flow is likely to/occur. 
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16 A device according to) claim 15, and comprising a 
queue, in which the signals are stored before the second 
processor is actuated, aJd fron which queue signals 
received by the control Jit prior to actuation of the 
second processor are passe)d to the second processor for 
analysis. 

17. A device according to) claim 1, wherein the at least 
one electrode comprises a iinglc unipolar electrode. 
18 A device according tl claim 1, wherein the at least 
one electrode comprises a pair of bipolar electrodes. 

19.- A device according L clain 1, wherein the at least 

» „_ 4 .I- -flexible intra-muscular 

one electrode comprises \a - iCAiU1 

electrode . 

20 A device according! J claim 1, and comprising a 
physiological sensor ccLpled to the patient's bladder, 
which sensor provides a: least some of the signals to the 
control unit. 

21. A device according 1 to claim 20, wherein the sensor 
comprises a pressure sehsor. 

22. A device according to claim 20, wherein the sensor 
comprises an acceleration sensor. 

23. A device according to claim 20, wherein the sensor 
comprises an ultrasouril transducer, 

24. A device according to claim 1, wherein the control 
unit receives signali indicative of a fill level of the 
patient's bladder aid, responsive to the signals, does 
no- apply the electrical waveform when the fill level of 
the bladder is Ic/w, even when signals are received 
indicative of abdominal stress. 

25. A device according to claim 1, wherein the at least 
one electrode and the control unit are implanted in the 
body of the patient. 



35 



OCT E5 1539 11=23 



972 8 9454556 PAGE 



FAX NO, 972 8 £454556 

26. A device according to claim 25, wherein the control 
unit comprises a rechargeable power source. 
21. A device according to claim 26, wherein the power 
source is recharged by inductive energy transfer, 
substantially without electrical contact between the 
control unit and any object outside the patient's body. 

28. A device according to claim 1, wherein the pelvic 
muscle comprises the levator ani muscle. 

29. A device according to claim 1, wherein the pelvic 
muscle comprises the urethral sphincter muscle. 

30. ' A device according to claim 1, wherein the pelvic 
muscle is adjacent to the urethral sphincter muscle. 

31. A device for treatment of urinary incontinence in a 
patient, comprising: / 

a sensor, which is couplfed t° generate a signal 
responsive to a fill level of /he patient's bladder/ ar.d 

a control unit, which /receives and analyzes the 
signal from the sensor so as/ to determine a fill level of 
the bladder and responsive thereto applies stimulation to 
o pelvic muscle of the/ patient, so as to inhibit 
involuntary flow of urine/ thJoA*gh the patient's ure~hra 
when the fill level of the SlVdder is above a threshold 
level. / 

32. A device according/ to claim 31/ wherein the control 
unit receives a furtbir signal indicative of abdominal 
stress and applies tMe stimulation to the pelvic nuscle 
responsive to the stress except when the fill level of 
the bladder is belowr the threshold level. 

33. A device according to claim 32, wherein the sensor 
comprises an eleotrode, which is placed in electrical 
contact with the /pelvic muscle of the patient to receive 
an electromyogrin signal therefrom indicative of the 
stress and of tMe fill level. 
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34. A device according to clain 21, and comprising ar. 
electrode, which is placed in/electrical contact with the 
pelvic muscle of the patieiJt, and wherein the control 
unit applies an electrical iavefcrr. to the electrode so 
as to stimulates the mufscie to contract, thereby 
inhibiting the involuntary Slcv of urine. 

35. A device according to/ claim 31, wherein the sensor 
comprises a pressure sensoi 

36. A device according tp clain 21, wherein the sensor 
comprises an ultrasound transducer. 

37. " A device for ireatnsnt of urinary strass 
incontinence, comprisi 

at least one electrode, which is placed in 
electrical contact with/ a pelvic muscle of a patient; and 

a control unit] which receives eiectromyegran 
signals from the electrode indicative of abdominal stress 
in the patient, and Jhich (fipfmines a threshold signal 
level that varies ovejr time|1rss?or.sive to a condition of 
the patient, and ihich, fl responsive to a transient 
increase in the elecl/romyograr. signal above the threshold 



lectricai waveform to the electrode 
muscle tc contract, so as to inhibit 
ow through the patient's urethra due 



level, applies an e 
which stimulates the 
involuntary urine f! 
to the stress. 

38. A device according to claim 37, wherein the 
threshold signal lfevel varies over time responsive to 
temporal variation jof a mean value of the electroaycgrem 
signals. 

39. A device according to claim 37, wherein the 
threshold signal / level increases responsive to tine 
elapsed since the/patient last passed urine. 

40. A device According to claim 37, wherein the 
threshold signal level increases responsive to. an 
increase in a fill level of the patient's bladder. 
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41. A device for treatment of urinary stress 

incontinence, comprising: 

at least one electrode, which is placed in 

electrical contact with a pelvic muscle of a patient; and 
a control unit, which receives eiectrcmyogram 

signals from the electrode and, responsive to a rate of 
change of the signals - indicative of a possible 
involuntary urine flow, applies an electrical waveform to 
the electrode which stimulates the muscle to contract, so 
as to inhibit the involuntary urine flow. 

42. A device according to olaim 41, wherein when rhe 
• rate of change is below a threshold rate, the control 

unit withholds the waveform* so as to allow voluntary 
voiding. 

43. A device for treatment of urinary stress 
incontinence, comprising 

at least one electrode, which is placed in 
electrical contact with a foelvic muscle- of a patient; and 

a control unit, whicA receives signals indicative of 
impending urine flow/ distinguishes signals 



indicative of an invo|unta|A urine flow from signals 
indicative of voluntary v/idkng by the patient, and 
responsive thereto appAas an electrical waveform to the 
electrode which stimulates the muscle to contract, so as 
to inhibit involuntaruf urine flow. 

44. A device according to claim 43, wherein the control 
unit gathers inforrJtion regarding the signals over an 
extended period and/ analyzes the information to find a 
pattern characteristic of rhe patient, for use in 
determining when involuntary urine flow is likely. 

45. A device according to claim 44, wherein the pat-em 
comprises a time-itarying threshold to which a level of 
the signals is compared. 

46. A device according to claim 43, wherein the con.rol 
unit distinguish/es between the signals indicative of an 
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involuntary urine flow And the signals indicative of 
voluntary voiding by the /patient responsive co a rate of 
change of the received signals. 

47. A device according jo claim 43, wherein the control 
unit distinguishes betweta the signals indicative of an 
involuntary urine flow and the signals indicative of 
voluntary voicing, substantially without application of 
an input to the control) unit fror. outside the patient's 
body. 

48. A device for /treatment of urinary stress 
incontinence, comprising 

at least one electrode, which is placed in 
electrical contact with! a pelvic muscle of a patient; and 

a control unit, /which receives at a sample rate 
substantially greater than 1000 Hz signals indicative of 
abdominal stress in the patient, analyzes the signals so 
as to determine when /an ifokluntary urine flow is likely 
and responsive thereJo applies an electrical waveform to 
the electrode which stimulates the muscle to contract, so 
as to inhibit involuntary urine flow through the 
patient's urethra du* to the stress. 

49. A device according to claim 48, wherein the control 
unit analyzes the signals so as to distinguish between 
signals indicative I of an involuntary urine flow and 
signals indicative If voluntary voiding by the patient. 

50. A device for treatment of urinary .stress 
incontinence, comprising: 

at least one electrode, which is placed in 
electrical contact/ with a pelvic muscle of a patient; 

a first processor, which receives signals indicative 
of abdominal stiess in the patient and analyzes the 
signals substantially continuously at a low data analysis 



rate; and 

a second 



processor, which, responsive tc a 
determination lj>y the first processor that involuntary 
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urine flow is likely to occut, is actuated by the first 
processor to analyze the sigJals at a high data analysis 
rate and, responsive to the* analysis at the high data 
rate, applies an electrical waveform to the electrode 
which stimulates the muscle to contract, so as to inhibit 
involuntary urine flow. I 

51. A device according tj claim 50, and comprising a 
queue, in which the signalfe are stored before the second 
processor is actuated, a ad from which queue signals 
received by the first processor prior to actuation of the 
second processor are passjed to ft/he second processor for 
analysis. 

52. A method for tteatmfnt of urinary stress 
incontinence of a patientL comprising: 

placing an electrodje in electrical contact with a 
pelvic muscle of the pstijent; 

receiving a signkl from the patient's body 
indicative of abdominal stress; 

analyzing the received signal to distinguish between 
a signal indicating that involuntary urine flow is likely 
and another signal indicative of voluntary voiding; and 



resoonsive to th 



waveform to the electrode, which stimulates the muscle to 
contract so as to inhibit involuntary urine flow. 



distinguishing between 
information regarding 
extended period and ana 
pattern characteristic 



analysis, applying an electrical 



53. A method according to claim 52, wherein 

the signals comprises gathering 
the received signal over an 

lyzing the information to detect a 
of the patient, for use in 
determining when an in^joluntary urine flow is likely. 

54. A method according to claim 53, wherein the pattern 
comprises a time-varying threshold to which a level of 



the received signal is 



55. A method 
distinguishing 



beti 



compared. 



according ' to 



een 
40 



the 



claim 52, wherein 
signals comprises 
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distinguishing responsive /to a rats of change of the 
received signal. / 

55. a method for treatment of urinary stress 
incor.tir.ence of a patient/ comprising: 

placing an electrode in electrical contact with a 
pelvic muscle of the payient; 

receiving at a sample rate substantially greater 
than 1000 Hz signals ihdicatiyl of^abdominal stress; 

analyzing the signals to determine when an 

involuntary urine floi is lijMp and 

responsive to tie analysis, applying an electrical 
waveform to the electfrode, which stimulates the muscle to 
contract so as to inhibit involuntary urine flow. 

57. A method according to claim 56, wherein analyzing 
\ comprises distinguishing between a signal indicating that 

involuntary urine / flow is likely and another signal 
indicative of volu/itary voiding. 

58. A method for treatment of urinary stress 
inccr.tiner.ee of a patient, comprising: 

J? implanting an electrode in a pelvic muscle of the 

U patient; 

■J receiving a signal frora the patient's body 

indicative of abdominal stress; and 

responsive to the signal, applying an electrical 
waveform to the electrode, which stimulates the muscle to 
contract so as to inhibit involuntary urine flow. 

59. A method according to 58, wherein the pelvic muscle 
comprises the levator ani muscle. 

60. A method according to claim 58, wherein the pelvic 
nuscle comprises the urethral sphincter muscle. 

61. A method according to claim 58, wherein implanting 
the electrode comprises implanting an electrode in 
proximity to the urethral sphincter muscle. 
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62. A net hoc according /to claim 58, wherein applying the 
waveforr. comprises app/ying a waveform to the electrode 
in a unipolar mode. 

65. A methed ziccoxddnqtio claim 58, wherein implanting 
the electrode compri/ses placing az least two electrodes 
in electrical contract with the muscle, and wherein 
applying the waveform comprises applying a waveform 
between the electrodes in a bipolar mode. 

64. A method according to claim 58, wherein receiving 
tie signal comprises receiving an electromyographic 
signal. 

€5. A method according to claim 58, wherein receiving 
rie signal comprises receiving a signal indicative of 
pressure on "he patient's bladder. 4 

£5. A methed according to tlaim 58, wherein receiving 
tie signal, comprises receiving a signal indicative of 
rotion of the patient's bladder. 

£7. /v method according tfc claim 58, and comprising 
receiving a signal indicative of a fill level of the 
patient's bladder, wherefin mppdfying the electrical 
vaveform comprises applyin/g aJfeveform responsive to the 
fill level. / / | 

£3. A method according {o claim 67, wherein applying the 
vaveform responsive to the fill level comprises 
vithhclding application' of the waveform when the fill 
level is low notwithstanding the signal received 
indicative of abdominal stress. 

A methed according to claim 58, wherein applying the 
vaveform comprises analyzing the signal to determine when 
en involuntary urini flow is likely, and applying a 
vaveform dependent on the determination. 

70, A method according to claim 69, wherein analyzing 
zhe signal comprises analyzing substantially 
non-rectified data, 
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71. A method according to] claim 69, wherein analyzing 
the signal comprises performing a spectral analysis. 

72. A nethod according ti claim 71, wherein performing 
the spectral analysis comprises performing the spectral 
analysis or. substantially Aon- rectified data. 

73. A method according tfo claim 69, wherein analyzing 
rhe signal comprises distinguishing between a signal 
indicating that the involuntary urine flow is likely and 
another signal indicative; of voluntary voiding. 

74. a method according to claim 73, wherein 
distinguishing between /the signals comprises gathering 
information regarding tHe signals over an extended period 
and analyzing the information to detect a pattern 
characteristic of the | patient, for use in determining 
when an involuntary urime flow is likely. 



J 



75. A method according to clain 74, wherein analyzing 
the information comprises finding a time-varying 
threshold to which a l/evel lo* the signals is compared. 



76. A nethod 
distinguishing bet 
distinguishing respor 
signals . 



accprding! to 
Ween the 



claim 73, wherein 
signals comprises 
sive to a rate of change of the 



the signal comprises 
substantially greater 

73. A method accordi 
waveform comprises v 



77. A method according to claim 69, wherein analyzing 



analyzing signals at a sample rate 
than 1C00 Hz. 

ng to claim 56, wherein applying the 
krying a parameter of the wavefom 



selected from a gr< up including amplitude, frequency, 



duration, wave shape 



and duty cycle, 



79. A method according to claim 53, wherein applying the 
waveform comprises applying a pulse burst. 
SO. A method for treatment of urinary incontinence in a 
patient, comprising:/^ 
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receiving a signal indicative of a fill level of the 
patient's bladder; and 

responsive to the signal, applying stimulation to a 
pelvic muscle of the pajtient, so as to inhibit 



iz.volur.tary flow of urine t 
when the fill level of the 
level. 



irough the patient's urethra 
bladder is above a threshold 



81. A r.ethod according to claim 80, and comprising 
receiving a further signal indicative of abdominal 
stress, wherein applying the stimulation comprises 
applying stimulation responsive to the stress except when 
the fill level of the bladder is below the threshold 
level. I 

62. A method according J to fiflM* 81, wherein receiving 
the signal comprises refceivf^g an electromyogram signal 
iron an electrode in iontact with the pelvic nuscle, 
vhereir. rhe signal is indicative of the stress and of the 
fill level. I 

£3. A method according/to claim 80, wherein applying the 
stimulation comprises a/pplying an electrical waveform to 
en electrode in contacft with the pelvic muscle, thereby 
stimulating the muscll' to contract and inhibiting the 
involuntary flow of urine. 

E4. A method accordirg to claim 80, wherein receiving 
the signal comprises receiving a pressure signal. 

=5. A method according to claim 80, wherein receiving 
the signal comprises receiving an ultrasound signal. 

56. A method for treatment of urinary stress 
incontinence, comprising: 

placing an electrode in electrical contact with a 
pelvic muscle of a patient; 

receiving electi omyogram signals from the electrode 
indicative of abdominal stress in the patient; 
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determining a threshold level of the signals that 
varies over time responsive to a condition of the 
patient; and 

responsive to a transient increase in the signals 
above the threshold lfevel, applying an electrical 
waveform to the electrodfe which stimulates the muscle to 
contract/ so as to inhittit involuntary urine flow through 
the patient's urethra due to the stress, 

67. A method according tJAclaim 86, wherein determining 
the threshold level /comp*i$es determining a level that 
varies over time responsive to temporal variation of a 
nean value of the eLfectromyogram signals. 
88. A method according zo claim 86, wherein determining 
the threshold level comprises increasing the threshold 
level responsive /to time elapsed since the patient last 
passed urine. 

39. A method according to claim 86, wherein determining 
the threshold level . comprises increasing the threshold 
level responsive to an increase in a fill level of the 
patient's blad4er- 

90. A method for treatment of urinary stress 
incontinence, comprising: 

placing an electrode in electrical contact with a 
pelvic muscle of a patient; 

receiving electromyogram signals from the electrode 
indicative of abdominal stress in the patient; 

determining a rate of change of the signals; and 

responsive to the rate of change, applying an 
electrical waveform to the electrode which stimulates the 
muscle to contract, so as to inhibit an involuntary urine 
flew. 

91. A method according to claim 90, wherein applying the 
waveform comprises applying a waveform when the rate of 
change is above a threshold rate, and comprising 
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withholding the waveforn when the rate of change is below 
the threshold rate so as to allow voluntary voiding. 
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ABSTRACT 

A device and method for treatment of urinary stress 
incontinence. At least one electrode is implanted in a 
pelvic muscle of a patient. A control unit receives 
signals indicative of abdominal stress in the patient and 
responsive thereto applies an electrical waveform to the 
electrode which stimulates the muscle to contract, so as 
to inhibit involuntary urine flow through the patient's 
urethra due to the stress. 
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